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The  preparation  of  crystalline  diphtheria  antitoxin  was  reported  in  this 
Yournal  in  1942 (Northrop,  1942).  The method of purification  consisted in 
digesting the toxin-antitoxin precipitate with trypsin, which destroyed the toxin 
and  liberated  the  antibody.  The  antibody  itself was apparently  also  split 
during the reaction so that the product obtained was a derivative of the natu- 
rally occurring  antibody.  The present work was undertaken  to see whether 
this method of purification was of general  application.  Type I  antipneumo- 
coccus horse serum was used as the starting material and the writers are in- 
debted to Dr. Jules Freund of the New York Department of Health for supply- 
ing them with large quantifies of this serum. 
In preliminary experiments the antibody was precipitated by the addition 
of Type I  specific polysaccharide and the resulting  precipitate  treated with 
trypsin or pepsin at various hydrogen ion concentrations.  The antibody com- 
plex in this case, however, is not hydrolyzed, as in the case of diphtheria anti- 
toxin and no antibody could be recovered by this process.  It appears, there- 
fore, that the action of pepsin and trypsin on antigen-antibody complexes  is 
determined by the  chemical nature  of the antigen  in spite of the fact that 
hydrolysis occurs somewhere  in the antibody molecule.  This result is indica- 
tive of a  primary valence union between antigen and antibody, as otherwise 
the chemical nature of the antigen would hardly be expected to influence the 
hydrolysis of the antibody. 
Various other methods have been described for preparing pure (completely 
precipitable) antibody.  Landsteiner,  Gay and Chickering,  Felton, Kirk and 
Sumner, Heidelberger and Kendall, and others (of. Landsteiner, 1945) obtained 
preparations which were pure or nearly pure antibody, in the sense that they 
were completely precipitated by antigen, by dissociating the antigen-antibody 
complex in various ways.  Chow and Goebel (1935) obtained similar prepara- 
tions by precipitation of a concentrated antibody solution with acid potassium 
phthalate solution. 
Preliminary  experiments  indicated  that  the  latter  method  was  the  most 
efficient for the preparation  of large mounts of pure antibody and a  slight 
modification of this method was used in the present work.  The method of 
preparation  finally  worked  out  consists  essentially  of  the  following  steps. 
High titer antipneumococcus horse serum is diluted with water and the precipi- 
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tate, which contains nearly all the antibody (Felton, 1928), dissolved in normal 
saline.  This solution is mixed with 0.2 ~r pH 3.6 acid potassium phthalate in 
certain proportions,  which vary slightly with different lots of serum.  This 
treatment precipitates the inert globulins and leaves the antibody in solution. 
The antibody obtained in this way is 90 to 100 per cent precipitable with the 
specific polysaccharide.  It gives a slightly milky solution in neutral salts and 
is nearly homogeneous in the Tiselius apparatus with a migration velocity of 
1.2  X  10  -5 cm.2/volt sec. which corresponds to that of globulin from normal 
horse serum.  (The writers are indebted to Dr. Gertrude Perlmann for carrying 
out these determinations.) 
This antibody solution may be further fractionated by precipitation with 
ammonium sulfate into three main fractions, one of which is insoluble in neutral 
salts from pH 4 to pH 10, one which is soluble in neutral salts but is precipitated 
by 0.20  saturated  s mmonium sulfate.  The  remaining fraction precipitates 
between 0.20 and 0.35  saturated ammonium sulfate.  It gives a  clear bluish 
solution in neutral salts and contains most of the inert protein which survives 
the treatment with acid potassium phthalate. 
The fraction precipitating at 0.2 saturated ammonium sulfate can be further 
separated into a fraction precipitating at 0.17 saturated ammonium sulfate and 
a  small amount of antibody precipitating between 0.17  and 0.20  saturated 
ammonium sulfate.  This last fraction may be crystallized by slowly stirring 
a saturated solution at 25  ° (in about 0.2 saturated ammonium sulfate) (Fig. 1). 
The crystals appear  as  rosettes, sometimes mixed with rods  (Fig.  2).  The 
faces are somewhat rounded in most cases and no really satisfactory prepara- 
tion was obtained.  Similar results have been observed in this laboratory with 
other proteins and have been due in most cases to  the presence of more than 
one protein, or to the fact that conditions used for crystallizations are not quite 
correct.  A large number of variations in conditions and precipitating agents 
were tried with no improvement and it is probable  that the difficulty arises 
from the fact that the protein is unstable under the conditions required for 
crystallization and is partly changed to a less soluble form.  This is indicated 
by the fact that the first crystals to appear are usually the best.  Also, the 
insoluble protein formed during the first crystallization must be removed before 
recrystallization, otherwise the second crystallization yields much poorer crys- 
tals than the first.  If the solution is not stirred, crystallization may start but 
soon stops owing to the fact that the crystals settle rapidly to the bottom of 
the beaker,  The  crystallization of pepsin  is very similar since  in this case 
also crystallization is much better and faster if the solution is stirred. 
The largest part of the antibody finally collects in the fraction insoluble in 
neutral salts but soluble in dilute acid and alkali.  The results indicate that 
some of this fraction is present in the original material while more is formed 
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mixed with solutions of the more soluble fraction, and  then neutralized, the 
protein does not precipitate but the solution becomes cloudy.  The original 
material used in these experiments had been stored at 5°C. for from 4 to 7 years 
in the presence of 0.5 per cent ether, 0.3 per cent phenol, and 0.005 per cent 
merthiolate.  A precipitate had formed and  settled out during this time and 
this  precipitate  resembles  closely  the  insoluble  protein  isolated  during  the 
fractionation. 
FI6.  1.  Crystals of Type I pneumococcus antibody, preparation  152-51.  ×  130. 
The most soluble fraction gives a  clear, bluish solution in neutral salts and 
yields highly refract!le rounded particles but no definite crystals.  This fraction 
is usually 80 to 90 per cent precipitable and no method was found to remove 
the inert protein. 
None of these fractions is even approximately homogeneous by the solubility 
test  (Fig.  3)  and crystallization does not  improve the  purity as determined 
either by solubility or by precipitation with antigen.  In fact, the crystalline 
material is, if anything, less pure since the protein is somewhat unstable under 
the conditions required for crystallization so that the formation of the crystals FIG. 2.  Rosettes and rods.  No. 72-201.  X 65. 
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FIG. 3.  Solubility of preparation 180-69 in amorphous and crystalline form in 0.33 
saturated ammonium sulfate-0.17 ~t sodium acetate  at 25°C.  Two  5 ml.  samples 
of suspension 180-69 were  centrifuged.  The precipitate in one tube was  dissolved 
in 5 ml. 0.25 ~t sodium acetate (milky solution) and precipitated by the addition of 
3 ml. saturated ammonium sulfate.  This is the amorphous sample.  Both crystalline 
and amorphous precipitates were  washed four times with 2  ml. of the solvent and 
solubility determinations made on varying quantities of the precipitate as described 
in Crystalline Enzymes (Northrop, Kunitz, and Herriott, 1948). 
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is accompanied by the formation of some less soluble protein.  The same phe- 
nomenon  was  encountered in  the  crystallization  of  diphtheria  antitoxin 
(Northrop,  1942). 
A  purified antibody preparation  was also obtained by dissociating the  im- 
mune  precipitate.  Immunological  tests  of  these  preparations  showed  that 
they differed quite markedly in their protective and agglutinating properties. 
They all reacted with rabbit antihorse serum. 
EXPERIMENTAL 
Methods 
1.  Protein Deterrainationl.--One  ml. of solution containing 0.01 to 0.5 rag. protein 
per ml. is added to 9 ml. 0.3 M trichloroacetic acid.  The tubes are placed in a boiling 
water bath for 1 minute and allowed to stand 1 hour or more at 25 °.  The turbidity 
of  the  samples  is  determined  in  a  Duboscq  type  Klett  photoelectric  colorimeter, 
using 0.04 M CuSO~ in 0.04 ~  H2S04 as standard.  The amount of protein is deter- 
mined by comparing the observed rending with a standard curve prepared from deter- 
minations  made  on  a  series  of  samples  of  known  protein  concentration.  The 
suspensions do not obey Beer's law and hence the values for the concentration cannot 
be calculated from the colorimeter reading in the usual  way but  must be read  off 
from an empirical curve as described above.  The slope of the curve varies with dif- 
ferent proteins so that it is necessary to carry out the determinations with two different 
concentrations of protein. 
If the two determinations agree, the result is probably correct within 5 per cent. 
If they do not agree, the protein is different from that used to prepare the standard 
curve and a new standard curve must be prepared.  In the present experiments, the 
important figure is that for protein not precipitated by the polysaccharide.  In most 
cases this is less than 10 per cent of the total protein, so that a  10 per cent error in 
the determination of non-precipitable protein represents an error of I per cent or less 
in  the  values  for the  precipitable  protein  (antibody-protein).  If  the  precipitable 
protein is less than half the total protein, however, the error is much larger and the 
method cannot be used for protein solutions containing low proportions of antibody. 
g.  Determination of Antibody  Content.--The solution is diluted with 0.1  ~r pH 7.6 
phosphate buffer to contain 0.3  to 0.8 mg. protein per ml.  Two ml. of the diluted 
solution is placed in each of four small test tubes and 1 drop of specific polysaccharide 
solution containing 0.5,  1.0, or 2.0 rag. polysaccharide per ml. added to each of three 
tubes.  All four tubes are placed at 5°C. for 24 hours, centrifuged, and the protein 
determined in the supernatant.  The lowest value found in the tubes containing poly- 
saccharide is taken as the figure for the inert protein and the difference  between this 
and  the  protein  content of the  control tube is the  antibody-protein.  Ammonium 
sulfate  interferes  with  this  determination  if present  in  concentrations greater  than 
0.01  saturated. 
3.  Precipitation  ~ith Acid  Potassium  PkthaIate.--The  results  obtained  with  this 
method depend on the concentration of protein, the pH and concentration of the acid 
1 The analytical work reported in this paper, and part of the experimental procedure, 
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potassium phthalate,  the temperature, and the length of time the solution is allowed 
to stand  (cf.  Chow and  Goebel,  1935).  Preliminary experiments indicated  that the 
highest  yields  of completely precipitable  antibody were  obtained  by adding 0.2  M 
pH 3.6 acid potassium phthalate to globulin solutions containing 25 to 30 rag. protein 
per ml. and allowing the solutions to stand 24 hours at 20°C.  The exact amount of 
phthalate  required  varies  with different lots  of serum.  In some cases  the yield of 
antibody is the same over quite a wide range of potassium acid phthalate, but in some 
cases the correct range is quite narrow.  In order to determine the optimum quantity 
of acid potassium phthalate  to add to the antibody solution, 10 ml. of solution con- 
taining 25 to 30 mg. protein per ml.  is pipetted  into a  series  of tubes  and varying 
quantities of pH 3.6, 0.2 M acid potassium phthalate added slowly with constant stir- 
ring.  A  precipitate  forms  at  once  and  increases  slowly  for several  hours.  After 
24 hours  at  20°C.  the  suspensions  are  centrifuged and  the  supernatants  analyzed. 
The results of two such preliminary tests are shown in Table I.  Sample 180-6 gave 
TABLE I 
Purification of Crude A ntlbody Solutions by the Addition  of Acid Potassium Pkthalate 
Amount of 0.2 x~ pH  Per cent of total protein precipitated 
3.6  acid potassium  by polysaccharide  Antibody recovered 
phthalate added to 10 
ml. of solution  Sample 180-6  Sample 170-3  Sample 180-6  Sample 170-3 
ml. 
0 
3 
3.5 
4 
5 
6 
7 
60 
90 
96 
98 
100 
100 
60 
98 
98 
100 
mg. 
200 
200 
200 
180 
170 
120 
~g. 
200 
200 
2O0 
140 
pure antibody with the addition of 6 or 7 ml. phthalate whereas Sample 170-3 gave 
pure antibody with 4.0 ml. 
The mechanism of the reaction is obscure.  It does not appear to be either 
a  salting out or a  denaturation.  The quantity of phthalate  required is nearly 
proportional to the amount of serum.  The precipitate formed does not digest 
with trypsin as rapidly as does a  boiled suspension of the same protein.  The 
protein,  therefore,  is  probably  not  denatured.  It  seems  probable  that  the 
precipitate is an insoluble phthalate salt of the inert globulins.  In cases where 
the first precipitation fails to remove all the inert protein, no further  purifica- 
tion is obtained by repeating the phthalate  treatment. 
Conditions for Crystallization 
The  amorphous  protein  precipitate  is  stirred  slowly  with  about  three  times  its 
volume of 0.05 saturated ammonium sulfate at 5°C. for 24 hours.  The protein should 
dissolve completely to form a  clear, bluish  solution.  If there is more than a  slight 
turbidity,  the  suspension  should  be  faltered  by  gravity  through  No.  3  Whatman j.  IT.  NORTHROP AND W.  F.  GOEBEL  711 
paper, or centrifuged at high speed.  The protein is then precipitated in the amorphous 
form by bringing the solution to 0.25  saturated ammonium  sulfate, the precipitate 
centrifuged out and dissolved in 0.05 saturated ammonium sulfate, as described above. 
If the precipitate forms a clear or nearly clear solution, the protein content is deter- 
mined and the solution diluted to give a  protein concentration of about  15 Ing./ml. 
The pH is adjusted to about 6.5  and  the solution stirred slowly.  The stirring rod 
should be near  the  bottom of  the  beaker and  should not cause any foam to  form. 
Saturated ammonium sulfate is added very slowly from a  dropping funnel until the 
FIG. 4.  Antibody "flakes," preparation 171-13, June 1, 1948. 
solution is slightly cloudy.  The  stirring is continued and  the precipitate should  be- 
come rapidly heavier. 
The  precipitate is  examined  under  the  microscope and  should  consist  of  small 
irregular rosettes.  The points look sharp under  a  low power  (50  to  70  diameters) 
but  under  higher  magnification  appear  rounded.  Some  preparations  yield  large, 
regular flakes, which look very much like snowflakes (Fig. 4),  They appear to be 
made up of very small refractile granules arranged in a  more or less regular pattern. 
These  "flakes"  are  insoluble  in  0.05  saturated  ammonium  sulfate  and  should  be 
filtered off, if they form.  If the precipitate is amorphous, it should be filtered off and 
the filtrate stirred at about 25°C., without the addition of more saturated ammonium 712  CRYSTALLINE  PNEUMOCOCCUS  ANTIBODY 
Dia£~am  1 
FPepaPation of  C~ystalline F~octionB  152-51  and  152-521 
2L Type I  pneumoccccus antibody solution 
diluted to  12  i.  with dist.  watez,,  5  ° 7Z  h~s., 
decant and ~1iteP  ppt.~susp.  + hfllo 
:Ppt.  extPocted  with 2L.  0.2M:NoCI  ~;wice 
}:xt~act _5 dil. +1.5L. 0.21,,i]'IaCi,_7,(60~))  o 
5.5L.7 +Z6L.O.2 rIpH &6 XH-p,  hthalate, 18,20 h~s., 
decant, filteP ppt.-susp. +~.5.C. 
supePnatant +~iltr~te 10, 90~, 
6.8L IO +1.71 ~A5 (0.2 ~zt.), 25  ~, 20 he~., 
~iphon super'natant  and centPi~u£e  ppt.-susp. 
Ppt. 12 
+ O00mL  O.~Mp~ ZSl:gd,~filtee ÷55C. 
£t. 21 
Add ~Abto 0.2 eat.,  7A  hz,  s., ~5  ~, []ltez: 
?pt. ~_2 
5up. 11  a  -- 
Add fiAb  to 0.~ sat., 25, ~hP~., decant and filter 
Ppt 1__5 
+  o  2L. 0.2~I  pH 7.5 YO  4 +5A5 to 0.2 ~at. ~5,24 h,,s., 
decant and fJlte~  ~, 
]~pt. 15___~ 
~SF  +lSF +11.0.05  5A5, filtev 
Yr. 24 
Add BAil  to 0.25  ~at.,  215°,~0hvs.  ,  ~ilteP  +5.5.C. 
]~pt. 26_F 
]~xtPact with 2I. 0.1YI  pH 7.6704, extract 29,100~, add 6A5 to 0.17 ~at., 
flaky ppt., fJlteP,  cloudy [ilt~ale, add  5.5.C. and  [JlteP 
Ft. 
btiP  and. odd 5A5 till sl. clou~5~h~s., flaky ppt.,  centvifuge 
Ypt.~_!  ~up. 42 
])issolve in 50 ml. lt~0, neaPly dea#,  fi/teP #3, 
flPav., fil'cPate + 100ml. H20  , stiP ~ add  5A5  till 
cloudy, stiP 25  ~, amoPph, ppt., 151teP ~5, cleaP, 
stiP &  add  fail  till  sl. cloudy, £PonulaP ppt., 
~u~pension 5  ~, i  ma-- cent. 
Fpt. ÷ 50 ml. ]-I~0,  cleaP,  sti~ ~, add fiA5  till ~1. 
cloudy,  ~ti~  25~  2 days, ~ood r~)settes, cent. 
Fpt + l0 ml.I%0, neaPly clea~,  add  bAil till 
sl. cloudy, fHtep, add i0 ml./t~0, sti~ ~, add 
5A5 till M. cloudy, ~tiP  25  °,  2 days,  @ood 
m~ettes -  bl, 97~ 
5.5.C. indicates Standard bupev eel 
Stip ~ add  DAb till sl. cloudy, stJP 24 hPs., 25 °, 
9Pan. ppt.,  cent. 
IPpt. +  100 ml. H20 ) nea~ly  clear, stiP &  add  DA5 till 
sL cloudy, ~ods &  Posettes, I too., 5  ~, 5__2,  dilute 
with equal vol.  H20, stiP 25~  poop ~osettes, fJltep, 
ppt. dissolved  in 40 ml. H20, stiI  ~  ~ add  SA5 till 
FiltPate, deeP,  bluish, stiP & inoculate fi-om 51 
~4 hf~., poop  Pose~tes--  j5.21, 9570, cent. 
I 
:Ppt.+ ~0ml.i-I20  , cleaP, odd SA5 ~A11  sl. c]oudy, stJP 
24 hPs., 25° large flakes ~ poop  posettes,  cent. 
/ 
Ppt., ~0 ml. ]-I~0, 5° 24hvg.,  stiv &add ~AS till M. 
cloudy,  stir 25  ~, 24 hrs., heavy ppt., flood Palettes, ~1 J. H. NORT~OP  AND W.  F. GOEBEL  713 
TABLE  II 
Experiment 152 
6 liters of Type I  antipneumococcus horse serum di- 
luted to 60 liters with distilled water, 5°C., 48 hrs. 
Supemataut  siphoned  off  and  precipitate  centri- 
fuged.  Precipitate dissolved in 2 liters 0.1 M NaC1. 
0.5 per cent ether, 0.3 per cent phenol, and 0.005 per 
cent merthiolate added and the solution allowed to 
stand at 5°C. for 6 yrs  ........................... 
2 liters No. 1 diluted to 12 liters with water, allowed to 
stand 72 hrs. at 5°C., supernatant decanted, precipi- 
tate-suspension (4 liters) 4- 200 gin. Hytio, faltered 
by suction on 235 cm. E  and D No. 303 papers, pre- 
dpitate +  2 liters 0.2 a  NaC1, filtered ............. 
Precipitate 4- 2 liters 0.2 M NaCI, filtered .......... 
No. 4+5  ........... 
4 liters No. 6 +  1.3 liters 0.2 M NaCI ............... 
5.3 liters No. 7 +  2.6 liters 0.2 ~x pH 3.6 potassium acid 
phthalate, 18°C.,  20 hrs., supematant siphoned off, 
superaatant +  200 gln. standard Super Cel, filtered 
on 35 cm. No. 303 E  and D paper .... Filtrate ...... 
Precipitate-suspension  +  100 gin. Hyilo  +  100 gin. 
standard Super Cel, filtered  .........  Filtrate ...... 
No. 8+9  ............ 
6.8 liters No. 10 +  1.7 liters saturated ammonium sul- 
fate  (0.2  saturated)  25°C.,  20  hrs.,  supernatant 
siphoned off .......................  Supernatant.. 
Precipitate-suspension.. 
6 liters No. 11 +  2 liters saturated ammonium sulfate 
(0.3 saturated), 25°C., 20 hrs., supematant siphoned 
off, precipitate-suspension filtered on No. 3 paper... 
Precipitate... 
No. 13 4- 2 liters 0.2 M pH 7.6 phosphate buffer ...... 
2.2 liters No. 14 +  550 ml. saturated ammonium sul- 
fate (0.2 saturated) 25°C., 24 hrs., filtered on folded 
No. 3 paper .......................  Precipitate... 
Precipitate-suspension No. 12 centrifuged, precipitate 4- 
600 ml. 0.2  g  pH  7.6 phosphate buffer  4-  40 gin. 
standard Super Cel,  filtered .........  Filtrate ...... 
Precipitate... 
600 ml. No. 21 4- 150 ml. saturated ammonium sulfate 
(0.2 saturated) 24 hrs., 25°C., filtered on folded No. 3 
paper .............................  Precipitate.. 
! 
No.  ]  Vol. 
ml. 
1  2000 
4  2000 
5  2000 
6  4000 
7  5300 
8 
9 
10  6800 
11 
12 
13  l 
14  2200 
15P ' 
21  600 
21I 
231 
Pro- 
:ein/ml, 
mg. 
36 
27 
9 
20 
30 
pet ~nt 
60 
60 
90 
90 
Total 
AB 
gm. 
80 
80 
55 
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TABLE II--Continued 
No. 23P +  15P stirred with 1 liter 0.05 saturated am- 
monium sulfate, faltered  by suction  on 25  cm. No. 
303 E and D paper .................  Filtrate ...... 
1 liter No. 24 +  250 ml. saturated ammonium sulfate 
(0.25  saturated),  stirred slowly at 25°C.  24 hrs.  + 
30 gin. standard Super Cel, filtered... Predpitate... 
No. 26P +  1500 ml. 0.1  ~  pH 7.6 phosphate buffer, 
stirred, filtered, milky ...............  Filtrate ...... 
Precipitate +  500 ml. 0.1 ~  pH 7.6 phosphate buffer, 
stirred, filtered .....................  Filtrate ...... 
No. 27 +  28 ........... 
800 hal. No. 29* -4- 160 ml. saturated ammonium sulfate 
(0.17 saturated),  stirred in slowly, flaky predpitate, 
filtered, slightly cloudy .............  Filtrate ...... 
Filtrate No. 30 +  10 gin. standard Super Cel, filtered 
by suction on 20 cm. No. 3  paper,  bluish filtrate, 
stirred, and saturated ammonium sulfate added slowly 
until slightly cloudy, 5°C., 24 hrs., granular precipi- 
tate, decanted and centrifuged .......  Precipitate... 
Supernatant.. 
Precipitate No. 41 "4- 50 ml. water, nearly dear, filtered 
on No. 3 paper, stirred and saturated ammonium sul- 
fate added until slightly doudy, amorphous precipi- 
tate.  100 ml. water added, clear solution, saturated 
ammonium sulfate stirred in until slightly cloudy, 
filtered on No. 3 paper.  Saturated ammonium sul- 
fate added until slightly cloudy and stirred, granular 
precipitate, allowed to stand at 5°C. for 1 too.  Cen- 
trifuged, precipitate -k  50 ml. water,  clear, stirred, 
and saturated  ammonium sulfate added  until very 
slightly cloudy and  stirred  at  25°C.  2  days,  good 
rosettes.  Centrifuged, precipitate +  10 ml. water, 
nearly  dear,  saturated  ammonium  sulfate  added 
until slightly cloudy, filtered,  10 ml. water added, 
stirred and saturated ammonium sulfate added until 
slightly cloudy, stirred at 25°C. 2 days, good rosettes 
No. 42 stirred and saturated ammonium sulfate added 
slowly until slightly doudy, stirred 24 hrs., granular 
precipitate, centrifuged, precipitate q- 100 ml. water, 
nearly dear,  stirred and  saturated  ammonium sul- 
fate added  until slightly cloudy, rods and rosettes, 
allowed to stand 1 too. at 5°C  ..................... 
Total 
AB 
gm. 
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TABLE II--Conduded 
Diluted with equal volume of water, stirred 24 hrs., 
poor rosettes, filtered, precipitate dissolved in 40 ml. 
water,  stirred  and  saturated  ammonium  sulfate 
added until slightly cloudy, filtered by gravity on 
No. 3 paper, bluish filtrate, stirred and inoculated 
with No. 51, stirred 24 hrs., poor rosettes .......... 
Centrifuged,  precipitate +  30 ml. water, stirred and 
saturated  ammonium  sulfate added until  slightly 
cloudy, stirred 24 hrs. at 25°C., large flakes and poor 
rosettes, centrifuged, precipitate +  30  ml. water, 
5°C., 24 hrs., stirred and saturated ammonium  sul- 
fate added until slightly  cloudy, 25°C., 24 hrs., heavy 
precipitate, good rosettes 
No. 
m 
52'1 
Vol.  Pro- 
50  18 
Total 
AB 
gm. 
.9 
* The remainder of solution 29 was used in other fractionation procedures,  which failed 
to yield crystalline material. 
sulfate.  A crystalline precipitate should form in an hour or so and most of the pro- 
tein should be out of solution after 24 to 36 hours.  Recrystallization is carried out 
in the same way.  The crystals dissolve quite slowly and 24 hours' stirring is required 
to complete the solution.  There is always more or less insoluble protein left, after 
the crystals have dissolved. 
Preparation of Various Antibody Fraaions 
The method  of preparing one sample of crystalline antibody is shown in outline 
in Diagram 1 and in detail in Table II.  Crysta~ine  material was obtained from four 
different lots of antibody solution and from three different lots of serum.  The steps 
in the isolation varied somewhat in each case but in every case the crystalline material 
was obtained from the same fraction; that which precipitated in the range of from 0.17 
to 0.2 saturated ammonium sulfate at pH 6 to 7.  Some sera had a higher content of 
this fraction than did others so that no general figure for the total yield of crystalline 
material can be given.  The antibody solution used in Experiment 152  (Table II) 
contained the highest proportion of the fraction and that reported in a  subsequent 
experiment (Experiment 180, Diagram 2, not presented in table form) the lowest. 
The fraction of antibody insoluble in neutral salts, and also the fraction precipi- 
tating at 0.17 saturated ammonium sulfate are mucilaginous and do not give clear so- 
lutions except in dilute acid, pH 3 to 4, or dilute alkali, pH 9.5 to 10.5.  Precipitates 
of these fractions are extremely dif~cult to centrifuge or filter.  If large amounts of 
filter aids, such as Filter Cel, are used, the filtration is fast, but most of the protein 
cannot be recovered from the Filter Cel.  Filtration by gravity through folded No. 3 
Whatman  paper  gives  the  dearest filtrate but  is  extremely slow.  Centrifugation 
was carried out in an angle centrifuge at about 5,000  R.P.M. Dia~ 
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Preparation of Dissociated Antibody and Solutions of Antibody  Used in 
Immunological Tests 
The immune precipitate  was prepared from the stock antibody solution used  to 
prepare  crystalline fraction  152-52.  The method of  preparation  was  the same  as 
that described by Heidelberger and Kendall  (1936)  as modified by Goebel,  Olitsky, 
and Saenz (1948).  This preparation was 80 per cent precipitable by the homologous 
polysaccharide. 
Stock solutions  of the  crystalline  antibody were prepared  as  follows.  Approxi- 
mately 100 rag. of each of the crystalline antibody fractions, suspended in ammonium 
sulfate,  was  centrifuged at low speed,  and  the  supematant  liquid  decanted.  The 
material was taken up in 5 ml. of 0.2 x~ sodium chloride and permitted to stand at room 
temperature for 6 hours, then overnight in the ice box.  The substaiaces  were dialyzed 
free of SO7 against  a  0.2  ~  solution  of  sodium chloride containing 0.02  z~ sodium 
phosphate buffer at a pH of 7.2, and analyzed for their nitrogen content.  Merthiolate 
was added so that the final concentration was  1 part in 20,000.  These stock solu- 
tions were stable, and contained approximately 2 to 3 rag. of antibody nitrogen per hal. 
They were  diluted  to the  appropriate  concentration with  sterile  physiological salt 
solution prior to their use in the experiments described below. 
Fraction No. 180-260 was brought into solution in the following manner.  Approxi- 
mately 2 ml. of the suspension of the immune protein was stirred with 50 hal. of 0.2 
phosphate buffer at pH 7.4.  To this was added with stirring 2.0 ml. of ~/1 sodium 
hydroxide.  The final pH of the solution was 9.8.  Part, but not all,  of the protein 
dissolved.  The material was dialyzed at 6°C. against successive  changes of a 0.2 
phosphate buffer which had also been adjusted  to pH 9.8,  until free of ammonium 
sulfate.  The solution was then analyzed for total nitrogen and then centrifuged after 
adjusting  the pH to 7.8.  Approximately 60 per cent of the total protein nitrogen 
remained in solution. 
Comparison of the Immunological Properties of the Crystalline and Dissociated 
Antibody 
1. Agglutination of Types I and H Pneumococci.--In order to determine the maxi- 
mum dilution  at  which the crystalline antibody protein  would agglutinate Type I 
pneumococci, serial dilutions of  the solution of fraction  152-52 were prepared,  and 
tested  against  a  suspension  of a  6 hour culture  of washed  Type I  microorganisms 
killed by heating for 30 minutes at 60°C.  0.5 ml. of the appropriate antibody dilution 
in 0.9 per cent NaC1 was mixed with 0.5 ml, of a  suspension of pneumococei.  The 
tubes were incubated at 37°C. for 2 hours, and after standing at 5°C.  overnight, the 
agglutination reactions were recorded.  For purposes of comparison a  solution of the 
dissociated antibody was at the same time tested, as were the agglutination reactions 
of Type H  pneumococci in  solutions  of both  antibodies.  The results  recorded in 
Table III show that the minimum amount of crystalline antibody protein required 
to cause agglutination of Type I pneumococci was 8 micrograms of antibody nitrogen, 
whereas twice this amount of the dissociated antibody protein was necessary to cause 
comparable agglutination.  It can also be seen from Table III that the agglutination 
was specific,  for neither antibody agglutinated Type II pneumococci. J'.  H.  NORTHROP AND W.  F.  GOEBEL  719 
2.  Protective Action of Type I  Pneumococcal Antibody Fractions.--The protective 
power of the various crystalline and amorphous antibody protein fractions was tested 
by injecting 20  gin.  Swiss mice intraperitoneally with a  fixed quantity of virulent 
Type I  pneumococci and  varying quantities  of  the  antibody proteins.  0.5  ml.  of 
each antibody dilution, together with 0.5 ml. of a  6 hour culture of Type I  pneumo- 
TABLE III 
Agglutination Reactions of Type I  and II Pneumococci in Type I  CrystoJline Pneumo¢oceal 
Antibody and in Dissociated Type I Antibody 
Antibody  fraction  tested 
Fraction 152-52 
Dissociated antibody 
Fraction 152-52 
Dissociated antibody 
type  I 
I 
I 
II 
II 
Antibody  nitrogen  in samp  letested,  ~g. 
64  32  16  8  4  2 
++++  ++++  ++++  ++  0  0 
++++  +++  ++  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
TABLE IV 
Prot~tive Action of Pneumococeal Antibody Protein Fractions against 10  e L.D. 
Type I Pneumoeocci 
Antibody  fraction  tested 
180- 69 
180-299 
152- 52 
180-260 
Dissociated 
4O 
5/6 
Antibody  nitrogen  injected,/~g. 
2o 
5/6 
lO  m 
5/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
5/6 
2/6 
6/6 
2.5 
2/6 
4/6 
3/6 
2/6 
6/6 
t  .2__~5 
0/6 
1/6 
0/6 
0/6 
6/6 
0.62 
1/6 
O/6 
0/6 
4/6 
0.31 
0/6 
m 
0.16 
0/6 
Antibody  N 
protecting 50 
per ce.nt of 
mice 
2.9 
1.9 
2.8 
6.3 
0.5 
Virulence controls: 10  -6  0/3  Plate count:  10-  7 12, 13 colonies 
10-  7  0/3  10  -s  4,  1 colonies 
10-  s  2/3 
Numerator, survivals.  Denominator, deaths. 
cocci containing 2  X  l0  s microorganisms per ml., was injected into each of six mice. 
The virulence of the bacterial culture was such that 0.5 ml. of a  10  -a dilution, con- 
mining one to two microorganisms, killed mice when injected intraperitoneally.  The 
animals were observed, after injection, for a period of 5 days and their deaths recorded 
in Table IV. 
From the results presented in Table IV it can be seen that  the amount  of 
crystalline antibody  protein  nitrogen  necessary  to  protect  half  the  animals 720  CRYSTALLII~rE  PNEIYMOCOCCUS ANTIBODY 
against a  million lethal doses of Type I  pneumococci was approximately 2 to 
3  micrograms.  On the other hand,  it required 6.35 micrograms of antibody 
nitrogen of the amorphous fraction No.  180-2502 to afford comparable protec- 
tion, whereas only 0.5 microgram of the dissociated antibody was necessary to 
give equal  protection.  It  can  also  be  seen  in  Table V  that  the  protective 
action of the crystalline antibody is type-specific, for the protein affords no 
protection to mice infected with virulent Type II pneumococci. 
In summarizing the results of the protection experiments it may be stated 
that the crystalline antibody fractions all had approximately the same protec- 
tive action, based on the antibody nitrogen content, whereas the amorphous 
fraction No. 180-250 which formed by far the greater part of the antibody ob- 
tained during the process of crystallization was low in protective value.  The 
dissociated antibody,  on the  other hand,  was  more potent  than  any of the 
fractions tested. 
TABLE V 
Protezti,e Action of  Crystalline Pneumococeal Antibody Fraztion 152-2;2 against 10  e L.D. 
Type II Pneumococci 
Antibody injected, ~. 
Antibody fraction tested 
32  4 
152-52  0/3 
16  S 
o/s  0/3  o/3 
Virulence controls: 10  °7  0/3  Plate count:  10  -~ 28, 31 
100 s  0/3  100  s  4,  2 
3.  Predpitin  Reactions  of  Pneumococcal  Antibody  Fractions.--In  order  to 
determine whether the various pneumococcal antibody fractions were immuno- 
logically related to the globulins present in normal horse serum, the fractions 
were tested in antiserum prepared by the immunization of rabbits with normal 
horse serum.  Such an immune serum will contain antibodies directed against 
all the proteins present in normal horse serum.  If pneumocoeeal antibody is 
a protein dissimilar to the proteins in normal horse serum, there should be no 
precipitin  reaction  when  the  test  is  performed.  Preliminary  experiments 
showed that all the fractions reacted in an antiserum to normal horse serum. 
In order to determine whether differences in the intensity of the reactions  could 
be  observed,  the  precipitin  tests  were  carried  out  quantitatively using  a  photo- 
turbidimeter (Libby, 1938).  Results of these experiments are represented  graphically 
in Fig. 5. 
This fraction when  first prepared was completely precipitable  with the specific 
polysaccharide.  At the time the above experiments  were performed it was only 72 
per  cent precipitable. ~. H.  NORT]IROP  AND  W.  1  ~. GOEBEL  721 
From the results presented it can be seen that the crystalline fractions 152-52, 
180-69,  and  180-299  reacted all with nearly equal intensity,  whereas fraction 
180-260, the amorphous material, gave a reaction which was somewhat stronger. 
The amorphous dissociated immune globulin, on the other hand, gave a reaction 
the  intensity  of  which  was  considerably  lower  than  that  of  the  crystalline 
proteins. 
~o 
2o 
1o ~ 
Di~ocmte~ 
&l  '  ' 
25  ~0  IO0 
FIG. 5.  Turbidimetric titration of pneumococcal antibody proteins in an antiserum 
to normal horse serum. 
DISCUSSION 
The present experiments show that it is possible to prepare a series of protein 
fractions from antipneumococcus horse serum,  all of which are completely or 
nearly completely precipitated by the specific polysaccharide but which differ 
in  their  solubility,  protective  value,  agglutinating  power,  and  reaction  with 
antihorse  rabbit  serum  (Table  VI).  One  of  the  fractions  may  be obtained 
in poorly crystalline form. 
These results  show quite  conclusively that  a  whole series of proteins  exists 
which precipitate  specifically with the polysaccharide.  It appears extremely 
unlikely, for instance,  that a  protein fraction which is completely insoluble in 
dilute neutral salts (fraction 180--260) could contain enough of a soluble protein, 
such as fraction  152-52,  to cause the whole complex to precipitate completely 
with the polysaccharide.  Whether the proteins exist as such in the serum or 
are modified during  the fractionation  is uncertain.  The results also indicate 
that  these immune proteins possess both protective and precipitating  proper- 722  CRYSTALLINE  PNEUMOCOCCUS  ANTIBODY 
ties in varying proportion, as suggested by Heidelberger and Kendall  (1935) 
and Goodner and Horsfall (1937). 
The crystalline diphtheria antitoxin (Northrop, 1942) also protected against, 
as  well  as  precipitated with,  the  toxin.  This  preparation  was  very nearly 
homogeneous and hence there is reason to think that in this case, at least, the 
same protein may possess both precipitating and protective properties. 
This  preparation  did  not  precipitate  with  rabbit  antihorse  serum.  This 
may be due to the fact that it was much more homogeneous than the present 
TABLE VI 
Summary of Properties of Various Antibody Preparations 
Fraction 
Soluble in  Insoluble in 
Dissociate  O. 1 ~ NaCI 
antibody 
0.1 M  NaC1 
0.15  saturated 
ammonium 
sulfate 
pH 3-5 
9--10 
152-52 
Crystalline 
180-69 
Crystalline 
180-299 
Crystalline 
Solubility  Per cen  -~ 
precipi  required  Amount  reql 
table -~  to 
polysa¢  protect  ~  cbarid~ 
80  0.5  I 
95  2.8 
"  "  90  2.9 
95  1.9 
100"  6.3 
70~ 
180-260 
Amorphous 
1~0 
H~O 
0.25  saturated 
ammonium 
sulfate; H,O 
tt 
pH 5-9 
All neutral salts 
Reaction 
with 
rabbit 
~e  antihorse 
serum 
++ 
++ 
+-I- 
+++ 
* When first prepared. 
When protective test was made. 
preparations or because it was changed during the digestion of the ~mmune 
precipitate with trypsin. 
Unfortunately, none of the present fractions is even appro34mately homo- 
geneous,  as  judged by  the  solubility test  (Northrop,  Kunitz,  and  Herriott, 
1948), so that it is possible that the varying protective values are due to the 
presence of varying quantities of a  special highly active protective antibody. 
A  definite  decision  between  the  two  possibilities  probably cannot  be  made 
until a strictly homogeneous immune protein is prepared. 
SUMMARY 
1.  The imm,me precipitate formed by antipneumococcus horse serum and 
the specific polysaccharide is not hydrolyzed by trypsin as is  the diphtheria ~. H.  NORTHROP  AND  W.  ]~. GOEBEL  723 
toxin-antitoxin  complex,  and purified  pneumococcus antibody cannot be iso- 
lated  by the method used'  for  the isolation  and crystallization  of diphtheria 
antitoxin. 
2. Type I  pneumococcus antibody,  completely  precipitable  by  Type I  poly- 
saccharide,  may be obtained from immune horse serum globulin by precipita- 
tion of the inert proteins with acid potassium phthalate. 
3.  The antibody obtained in this way may be fractionated by precipitation 
with ammonium  sulfate into  three main parts.  One is insoluble  in neutral 
salts but soluble from pH 4.5  to 3,0 and from pH 9.5  to 10.5.  This is the 
largest fraction.  A second fraction is soluble in 0.05 to 0.2 saturated ammo- 
nium sulfate and the third fraction is soluble in 0.2 saturated ammonium sul- 
fate  and  precipitated  by  0.35  saturated  ammonium  sulfate.  The  second 
fraction can be further separated by precipitation with 0.17 saturated ammo- 
nium sulfate to yield a small amount of protein which is soluble in 0.17 saturated 
ammonium sulfate but insoluble  in 0.25  saturated ammonium sulfate.  This 
fraction crystallizes in poorly formed, rounded rosettes. 
4.  The crystallization does not improve the purity of the antibody and is 
accompanied by the formation of an insoluble protein as in the case of diphtheria 
antitoxin. 
5.  None of the fractions obtained is even approximately homogeneous  as 
determined by solubility measurements. 
6.  Purified antibody has  also been obtained by dissociating  the  antigen- 
antibody complex. 
7.  The protective value of the fractions is quite different; that of the dis- 
sociated antibody being  the  highest  and  that  of the  insoluble  fraction,  the 
lowest. 
8.  All the fractions are imruunologically  specific since they do not precipitate 
with Type II polysaccharide nor protect against Type II pneumococci. 
9.  All the fractions give a positive precipitin reaction with antihorse rabbit 
serum.  The dissociated antibody gives the least reaction. 
10.  Comparison of the various fractions,  either  by their  solubility in salt 
solution or through  immunological  reactions,  indicates that there are a  iarge 
number of proteins present in immune horse serum,  all of which precipitate 
with  the  specific  polysaccharide  but  which  have  very  different  protective 
values, different reactions with antihorse rabbit serum,  and different solubility 
in salt solutions. 
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